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(54) OPTICAL HEAD AND RECORDING/REPRODUCING DEVICE 



(57) An optical head comprising an objective lens 
having a large numWiba! aperture of 0:8 or* more: The 
head further comprises "a light source and ah aberra- 
tion-correcting lens group. To correct spherical aberra- 
tion due to the manufacturing errors of an optical 
recording medium and lenses, to sufficiently correct 
chromatic aberration due to the use of a short-wave- 
length semiconductor laser and to correct aberration 
resulting from the use of the same optical system for 
light beams of different wavelengths, the objective lens 
20 is composed of tw'6 morfe lenses and has a numerical 
aperture of 6.Q0 or more and the aberration-correcting 
lens group 1 is comprised of a positive lens group 3 and 
a negative lens 1 group 2. The space between the posi- 
tive lens group 3 and negative lens group 2 of the aber- 
ration-correcting lens group 1 is changed, thereby to 
correct spherical aberration occurring at each optical 
surface of the optical system. 
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Description ; i ' : ' : : • 



Technical Field 

[0001] 

optical 

ing an optical head of this type. 
Background Art 



[0001] -The present invention relates to an optical head for recording signals on and reproduce sianals from an 
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L ♦• n I ord ^ fo . ,ni:rease *e recording density of such optical recording media, some measure should be taken 
o T^E?*"?? *° ^ ^ ^ d3ta Si9na,S ° n and ,rom such a » °P**' 

tojncrease the numencal aperture (NA) of the objective lens or shorten the wavelength of the lightlouTce thS to 
tt£SSttXStt ^ ° bjeC,iVe ,6nS ^erges a ligW I^SS^SK 

d^SStS 

Sbe in^a^^^l^? !"? recWdln «» densi * and stora 9 e of these optica, recording 

than o ?and to s £ rt ^r " V Tf' 6 '° mCreaSe numerical a P erture <* the toa value greater 

rnSLS u the wavele "9 th of "9* source to a value less than 650 nm. 



W 40 = (t/8)x(n 2 -1)/n 2 xNA 4 ' ; ^ 



40 [0007] 



50 dt 5 0.00388/NA 4 [2] 

mm^th^' 5 relati °, n the thiCkn6SS t0lerance for the substrate of 1,16 disk ma V ^ obtained. The tolerance At is 
±0 016 mm rf the numerical aperture NA of the objective lens is 0.7. ±0.0095 mm if the numerical rartu rTZ ntllt 

ss ZT .Us , ^icurh ±0 ° 07 r m i,th ! nUmeriCa ' apertUrS NA °^-bjeCVe .ens is (Ti ^ 

iKL k ? u eVer ' t0 ra ' Se the predsion the thickness of th * disk substrate, because the error in the 

lilies, the ywd „„, be ta». Hence, the substrate may not be « to, mS^MuSn * 96 q,,an " 
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[001 1 ] The error in the thickness of the lenses constituting the optica! system of the optical head will be considered. 
For molded lenses it is difficult to reliably attain such a small thickness error as 1 0 jam or less. The thickness error of the 
lenses is almost equivalent to the thickness error of the transparent substrate, if it is regarded as the error in the optical 
path. In the case where the objective lens used has a large numerical aperture, the thickness error of the lenses will, 
5 like the thickness error of the transparent substrate, cause intolerable spherical aberration which would adversely influ- 
ence the reproduced signals. 

[0012] An objective lens having a large numerical aperture of 0.8 or more needs to be composed of a plurality of 
lenses. Even if the spacers made of synthetic resin or metal, which are interposed between the lenses, are process with 
high precision, it will be difficult to decrease the error in the gap between each lens and another to 10 jim or less. Such 
10 an error in the gap between any two adjacent lenses of the objective lens may cause spherical aberration, like the thick- 
ness error of the transparent substrate of the optical recording medium. The gap error therefore adversely influences 
the signals. 

[0013] In consideration of the spherical aberration occurring in the optical recording medium and in the optical 
head, it is virtually difficult to reduce the sphericai aberration, in terms of the thickness error of the transparent substrate 
is of the medium, to 1 0 jim or less in the case where use is made of an optical system that comprises an objective lens . 
having a numerical aperture of 0.8 or more and composed of a plurality of lenses. 

[0014] If a semiconductor laser that exhibits a short emission wavelength is used, the problem of spherical aberra- 
tion will arise, too/ It is desired that not only spherical aberration, but also chromatic aberration be corrected. 

20 Disclosure of the Invention 

[0015] Jhe present invention has been made in consideration of the foregoing. The object of this invention is topro- 
vide an optical head comprising an objective lens composed of a plurality of lenses and haying a numerical aperture of 
0.8 or more, in which the spherical aberration resulting from the manufacturing errors pf the optical recording, medium 
25 and the lenses, and the chromatic aberration resulting from a semiconductor laser, if used as the light source of the opti- 
cal head, is sufficiently decreased. Further, the invention aims to reduce the sphericai aberration that occurs when the 
same optical system is used to light beams having different wavelengths. 

[001 6] Another object of this invention is to provide a recording/reproducing apparatus comprising such an optical 
head as described above, in which the recording density and storage capacity of an optical recording medium can be 

30 enhancied and increased. 

[001 7] As indicated above, it is extremely difficult to suppress the manufacturing error of the optical components so 
much as to reduce the spherical aberration to a negligible degree in an optical system that comprises an objective lens 
compost of a plurality of lenses and having a numerical aperture (NA) of 0.8 or more. It is desired that some measures 
be taken to cancel the spherical aberration that results from the manufacturing error of the optical components. 

35 [0018] The /spherical aberratipri in the optical system can be given as the sum of the aberrations occurring at the 
opticarsurfacesl Thus, the spherical aberration resulting from the manufacturing error of the optical components can be 
corrected by arranging optical components that cause spherical aberration of the opposite sign somewhere on the opti- 
cal path extending from the light source to the optical recording medium. 

[0019] the optical system of the optical head according to this invention has a group of aberration-correcting 
40 lenses. These lenses generate spherical aberration of the sign opposite to that of the spherical aberration generated at 

the optical surfaces in the optical system, when data signals are written on„or read from, the optical recording medium. 

The aberration-correcting lenses consist of two lens groups, i.e., a positive lens group a negative lens group which are 

spaced from each other. It is sufficient if these lens groups are respectively positive and negative in terms of power. 

Each ieris group /may consist of a single lens or a plurality of lenses. 
45 [0020] Trie aberration-correcting lenses, which consist of .these two lens .groups, are arranged between the light 

source and the objective lens. The space between, the lens groups is moved in the optical axis of the optical system, . 

thus generating spherical aberration that is opposite in polarity to the spherical aberration generated in the entire optical 

system, with respect to the wave front of the light beam passing through the objective lens. 

[0021 ] In the optical head, the spherical aberration is therefore cancelled at the wave front of the light beam emitted 
so from the lighf source, transmitted through thq objective lens and focused. As a whole, the optical system is a system in 
which the spherical aberration is corrected well/ 

[0022] Assume that the transparent substrate of the optical recording medium has a thickness error dt. Then the 
following ^equation [3] derives from the.equation [i]: 

55 dw^o =.(dt/8) x ; (n 2 - 1)/n 3 x NA 4 [3] 

[0023] Hence, positive spherical aberration will occur jf the transparent substrate of the optical recording medium 
has a large thickness error, and negative spherical aberration will occur if the transparent substrate of the optical record- 
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c?rrSaTJnU h i n a n T H W ^ a ^^« suffices to adjust the space between the groups of aberration- 

arcS S ■ S2S f!^ 66 " * he negative polarity if the space beLenthe i£ 

groups ,s decreased or posrfave polarity if the space is increased. This holds true unless the light beam at the oos tion 

,« J°^ 51 T ihe s P ace between the lens groups is decreased, the light beam emitted diverges more than 

ma ^9 th l s P herical ab e™tioh smate th^in the case the transparent substrate o^oSSSo' 
med.um.sth.ck. When the space between the lens group^ is increased, thelight beam ernitted «S2 Sffi 
before, rending the^spherical aberration smalleHhtfr^ 

hTnlSr 15 tWn - 71,6 P ° ,arity ° f Spherical aberration remains unchanged even if the Helens grof S 
.5 SlherSns^ 9r ° UPare eXChan96d Hence. H does Hot matter which lens groupis arranged b«Z *e 

SSL «, 7he t act " al op !i cal sys,em has manufacturing errors other than the thickness error of the transparent sub- 
S i h ^ al re ^ rd ' n9 mediUm - ™e space between the aberration-correcting I^'o^S5SSSSj&- 
555 SS?^ RF amplitude of the signal reproduced bein^S^ ^ ^ ' 
» -iK ^ an °P tlcal nead of this type, the larger the numerical aperture of the bbjectivelens the areater trie snrmr 

raiding medium. With the present invention, however, the spherical aberration can be reduced^rfeiSSS 

Z STn 9 err ° r ' S ^?T 6nt ° r ^ * the r6f raCtiVe indices or abso,ute len 9ths of the various optiS e.erS nTs vfry 
thA^f! 5 ^'^nmental changes. This is because the groups of aberration-correctrig lenses ar'aSSSS 
the light source and the objective lens in the present irweritibri arrange? Detween 

25 Sn 'J^X^^ 0 ^ SPaCe b ^"" tne 9rOU P 5 0f aberration-correcting lenses, thereby may be 
uBeclan actuator cf so-c^led voice-coil typ^ a piezoiBlactric actuolor or the lika a ' r y * y ue 

X£2L ^ recording/reproducing apparatus according to the present invention comprises such an optical head is 
d^cnb^ above. It ,s des,gned to record data signals on ah optica, recording mediumland to ^uc|SSfl ; 

30 SSL. .C 8 8 t spec ' a ' s ° lution - the aberration-correcting lens group may function not only as means for Correcting 
spherical aberration but also as collimator lenses, in the optical head according to this inverrto^SSrH^- 

n2^H T^fi 3 ? f" be deCr6a = ed - thereby to reduce the time tebbr reqSreS feSuMMS cS ,iS ' 
™h ' , r " 10 'T ' the ^acturing cost of the optical head. As another special soSf SerrS 

^rrecJ^ lens group may be arrar«ed-b^ 

oath SKSE" C Pnsm ° r ?f ,ike <* n be ■«* arranged, together With {he ar3erra«on^^ 
P^^el^m emrtted from the co..^ 

S™i An aberration-correcting lens group and an anamorphic prism may be used together in the 1 obtical head 
according to thai .nvenbon. If so. it is desired that the aberratibn^orrecting lens group beana^^^SSS 
SSSSS^ f 601 r 6 ' enS - Thfe fe beCaUSe> me anam or P hic prism is irahged betwet thSblSSd 
caust^*^^ 
-SS^t^ 

SI nh- I* V lCal . SySt6m ° f the 0ptiCial head accordin 9 to the present invention may comprise a plurality of lenses 
tTrl riSS . Ct 7' ens hav,n 9 a 'arge numerical aperture of 0.8b or more. If this is the case, the opXS s^ en^SaS 
222^*°^ ^ ! PheriCa ' aberra «°n caused by that objective lens/This is b^WSS*^^'' 
SL^*^ Sn 0 ^ ^ W rl en9 ! h US ^ ^ * 0rSe the sph ^a' aberration in the bp ^SSnHSiS, 
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45 



large manufacturing errors 
50 [0033] 



[0033 Moreover, in the optical system of the optical head according to the invention the light source ^mav be a 
IcorKJuctor laser having an emission Waveiength of 440 rim or less and'the dbjective Z^^^^SS 
ha^a^mencal aperture of 0.80 or more, have a focal distance of 1.4 mm bi mbre and niade^ vSShSteS 

SSL. the ». Ca8e ^ h u e 3 snort - wave beam is ^'^ed. chromatic aberration may become a problem Nonetheless 
sphencal aberrafon and chromatic aberration can be corrected altogether if the aberration-corrSZ i consttutS 
the group are made of vrtreous materia, having the above-specified Abbe number. The slnK^^iSSSK; 
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spherical aberration and the chromatic aberration in the case where a short-wave beam is used will be described later. 
[0035] The aberration-correcting lens group provided in the optical system of the optical head according to the 
invention has a considerably small numerical aperture. The spherical aberration generated by moving the lens group in 
the optical axis is, therefore, mainly of third order. By contrast, the spherical aberration caused by the thickness-manu- 

5 facturing errors of the objective lens and transparent substrate includes high-order aberration, inevitably because the 
objective lens has a large numerical aperture. Consequently, the aberration-correcting lens group cannot completely 
cancel the spherical aberration that has resulted from the thickness-manufacturing errors of the objective lens and 
transparent substrate. Thus, the spherical aberration must be further corrected if the aberration-correcting lens group 
corrects fails to completely cancel the spherical aberration resulting from the thickness-manufacturing errors of the 

io objective lens and transparent substrate and there remains some aberration. 

[0036] In the optical system, light beams of different wavelengths may be applied, in which case it is necessary to 
cancel the aberration resulting from the difference in wayelength amonglhese light beams. This aberration can be can- 
celed by virtue of the spherical-aberration correcting effect that aberration-correcting lens group has/ However, the 
aberration resulting from the wavelength difference may not, be canceled completely because it includes high-order 

75 aberration, depending upon the type of the aberration-correcting lens group used. 

[0037] In the case where the objective lens comprises two lens groups, each consisting of two or more lenses, the 
space between the lens groups may be changed to generate spherical aberration^in the same principle as applied, to 
the aberration-correcting lens groups described above. Thus, the spherical aberration generated byxhariging the sp^ce 
between the aberration-correcting lens groups may be. confined with the spherical aberration generated by changing 

20 the space between the lens groups constituting the objective lens. This makes it possible to correct spherical aberration 
of a higher order. 

Brief Description of the Drawings 

25 [0038] / 

FIG/ 1 is a side view showing the optical system of an optical head according to,the present invention; 

FIG. 2A is a graph illustrating the spherical aberration occurring. in the optical system shown in FIG. 1 ; 

FIG. 2B is a graph illustrating the astigmatism occurring in the optical system shown in FIG. 1 
30 FIG. 2C is gl graph Illustrating the distorted aberration occurring in the optical system shown in FIG. 1 ; 

FIG: 3A is a graph represents the lateral aberration occurring at an angle of field of 0.5° in the optical system shown 

in FIG. 1; : ; 

FIG. 3B is a graph showing the lateral aberration on the optical axis of the optical system shown in FIG. 1 ; 

FIG. 4 is a side view of the optical system shown in FIG. 1, with the aberration-correcting Jens group removed; n 
35 FIG. 5 is a graph illustrating the relation that the distance the aberration-correcting lens group is moves to corhpen- 

sate^forthe thickness error of the transparent substrate has with the wave-front aberration in the optical system 

shown in FIG. 1; ' 

FIG. 6 is a side view of the optical system of an optical head according to the present invention (used a numerical 
aperture of 0.8 or more); 

40 FIG. 7A is a graph illustrating the spherical aberration occurring in the optical system shown in FIG. 6; 
FIG. 7B is a graph illustrating; the astigmatism occurring in the optical system .shown; in FIG. 6; 
FIG. 7C is a graph illustrating the: distorted aberration occurring .in the optical system shown, in FIG. 6; 
FIG. 8A is a graph represents the lateral aberration occurring at an angie of field of 0.5° in the optical system shown 
in FIG. 6; 

45 FIG. 8B is a graph showing the lateral aberration on the optical axis of the optical system shown in FIG. 6; 

FIG/9 is a graph illustrating the relation that the olstahpathe aberration-conerting lens group is moves to compen- 
sate for the thickness error of the transparent substrate has with the .way^fro^ in the optical system 

shown in FIG. 6; ; ~ ; : ; - 

FIG: 10 ! is; a side view showing the structUrSof ah optical head f according to the present invention; 

so FIG. Vi is a block diagram showing a ; recording/reproducing apparatus according to this invention; 

FIG. 12 is a side view showirigthe structure of an optical system (of Embodiment 1), which has two aberration-cor- 
recting lens groups, each composed of two lenses; 
; FIG. 13A is a graph illustrating the spherical aberration occurring in the optical system (of Embodiment 1); 
i FIG..13B is a graph illustrating the astigmatism oc^rring in the optical system (of Embodiment 1); 

55 FIG. 13C is a graph illustrating the distorted aberration ^ occurring i in the optical system (of Embodiment 1 ); 

FIG. 14A is a graph represents the lateral aberration occurring at an angle of field of 0.5° in the optical system (of 
Embodiment 1); 

FIG. 14B is a graph showing the lateral aberration on the optical axis of the optical system (of Embodiment 1); 
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FIG. 15 is a graph illustrating the relation that the distance the aberration-correcting lens group is moves to com- 
pensate for the thickness error of the transparent subs^^ aberration in the optical-system 
(of Embodiment 1); ; • : • ; '> Ti.i:^ hiv-k.o ) .-..••«;.. ~. r ,-\ : ■■ ..... 

F,G * r 1 6 »s a side view of an optical system (of Embodimeht 2), which has an aberration-correcting lens groups com- 
s poski of two fe^ n .-i n — . 

FIG . 17 A is a graph illustrating rthe spherical aberration occurring in the optical system (of Embodiment 2); 
F| G- 17$ is a graph'illustratihg the Astigmatism occurring in the optical system (of Embodiment 2) ; ^ . 
FIG. 17C is a graph illustra^ the optical system (of Embodiment 2); - 

FIG. 18A-js a graph represents the'lateral^aberratidh occurring at an angle of field of 0.5°.in the optical: system (of 
-io ■ Embodiment 2); ' ''"' r " ' "■ w k^*.;- ..... v... . •. • . .... r , , ; ; : .. ^ 
F\G. 18B is a graph showing the lateral aberration on I the optical axis of the optical system (of Embodiment 2);, - 
F,G ; 19 ls a graph illustrating the relation thiat the distance the aberration-correcting lens group is moves to com- 
pensate for the thickness error of the trarisparerit sutDistrate has with the wave^froht aberration in the optical system, 
(d Embodiment 2); \ r :~. •• - ■ ... .. , . . , 

is FIG: 20 is a graph showing how the Strehl value changes with the change in wavelength in the optical system (of . 

Embodiment 2); ■ *:<■■ ■. ^ . : r , - ; .' ; ; ,. ; r-..- - ., 

is a sid ^ vjew ^ an optical system (of Embodiment 3), which has an aberration-correcting lens groups com- . 

pos^^ftwolens^^ ; v ^ , ^ ; 

F, $ |s J^graph illustrati^ occurring in the optical system (of Embodiment 3); - 

20 FIG: 22 B is a gr^ph illustraiting the astigmatisrh occurring in the optical system (of Embodiment 3); ^ ( < ' ' . 

FIG: 22C is a graph illustrating the d optical system (of Embodiment 3) ;c -,.v 

FIG. 23 A is a graph represents the lateral aberration occurring at an angle of field of 0.5° in the optical system (of 

Embodiments); 

FIG. 23B is a graph showing the lateral aberration on the optical axis of the optical system (of Embodiment 3); 
25 FIG. 24 is a graph illustrating the relation that the distance the aberration-correcting lens group is moves to com- 
pensate for the thickness error of the transparent substrate has with the wave-front aberration in the optical system 
(of Embodiment 3); 

FIG. 25 is a graph representing the wave-front aberration observed in the optical system (of Embodiment 3) when 
both the aberration-correcting lens group and the objective lens correct the spherical aberration resulting from the 
30 change in the wavelength used; and . r - • 

, F,G - ?6 is a graph showing the inter-lens distances observed in the optical system (of Embodiment 3) when both 
the aberration-correcting lens group and the objective lens correct the spherical aberration resulting from the 
change in the wavelength used. 

35 Best Mode for Carrying out the Invention 

[0039] Specific embodiments of the present invention will be describe^ in detail, with reference to the accompany- 
ing drawings. 

40 [Optical System] 

[0040] As shown in FIG. 1, the optical system of an optical head according to this invention comprises an aberra- 
tion-correcting lens group 1. .Table presented below shows the design values of this optical system. 



[Table 1] 





Objective lens (MAY Focal distance /Entrance pupil 9 
(0.85/2.353mm/4.00mm) 


Wavelength X=635nm 


50 


Surface 


Radius of curvature (mm) 


Axial interval (mm) , 


Flexion rate Nd / 
Abbe number yd. at 
dline 


Flexion rate N at 
635nm 




OBJ 


CO 


00 






55 


STO 


CO 


0.0 : 
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[Table 1] (continued) 



5 



10 



40 



50 



Objective lens NA / Focal distance /Entrance pupil <p 


Wavelength X=635nm 




(0.85/2.353mm/4.00mm) 








Surface 


Radius of curvature (mm) 


Axial interval (mm) 


Flexion rate Nd / 


Flexion rate N at 










nouc riuiiiuei VU ctl 


WUvl II 1 1 










d line 




S1 


R:-25.0 


C:0.0 


1.6 


1.620/36.3 


1.616405 




K:0.0 


D:0.0 










A:0.0 


E:0.0 










B:0.0 


F:0.0 








S2 


R:1 7.055 


C:0.0 


1.521325 








K:0.0 


D:0.0 










A:0.0 


E:0.0 










B:0.0 


F:0.0 








S3 


R:19.00 


C:0.0 


2.0 


1.51633/64.1 


1.515014 




K:0.0 


D:0.0 










A:0.0 


E:0.0 










B:0.0 


F:0.0 










R:-19.00 


C:0.0 


3.0 








K:0.0 


D:0.0 










A:0.0 


E: 










B:0.0 


F: 








35 


R:-2.46917 


C:-.55616x10' 5 


2.962612 


1.4955/81.6 


1.494122 




K:-0. 177274 


D:-.991159x10 5 










A:-.353215x10" 2 


E:-.128023x10- 7 










B:-.452433x10' 3 


F>.159371x10" 6 








S6 


R:-1 2.58525 


0:0.242782x1 0' 3 


0.505533 








K:-1 3.032252 


D :-. 981 829x1 0" 4 










A:0.3707368x10" 2 


E:-.324027x10" 4 










B:0.799138x10 -4 


F:0.162258x10 -4 








S7 


R:1.25 


C:0.0 


1.495535 


1.51633/64.1 


1.515014 




K:0.0 


D:0.0 










A:0.0 


E: 










B:0.0 


F: 








S8 


GO 


0.0 






S9 


00 


0.098295 






S10 


oo 


0.1 




1.5295 


S11 


oo 


0.0 






IMG 


oo 


0.0 







[0041] The aspherical shape is defined by the following equation [4]. TTiis holds true for Table 2 to Table 5, which 
will be presented later. 
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Equation of Spherical Surface 
[0042] 



x- yI/ " 



1+{1-(1+K)(Y/R) 2 } V2 
+ AY 4 + BY 6 + CY % + DY 10 + EY U + 



where: 

X: Depth from the apex of the surface 

Y: Height from the optical axis 
R: Para-axis R 
K: Cone constant 

A: Aspheric-surface coefficient of term Y 4 
B: Aspheric-surface coefficient of term Y* 
C: Aspheric-surface coefficient of term Y* 
D: Aspheric-surface coefficient of term Y 10 
E: Aspheric-surface coefficient of term Y n 
F: Aspheric-surface coefficient of terra Y 34 
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[0043] The optical system is used to record data signals on and reproduce data signals from optical recording 
media such as an optical disk, a phase-change optical disk, an optical card and the like. These optical recording media 
have a transparent substrate 101 each. That surface of the transparent substrate 101, which faces away from the opti- 
cal system is the signal-recording surface. The aberration-correcting lens group 1 is composed of a first lens 2 and a 
5 second lens 3 and is designed to correct the spherical aberration occurring in the optical system. An objective lens 20 
is provided, which is composed of two lenses 20a and 20b. 1 

[0044] In Tables 1 and Tables 2 to 5, to be presented later, OBJ denotes an object point, STO designates an aper- 
ture diaphragm, S1, S2, S3, indicate the surfaces erf the lenses, in the order the lenses are arranged, and IMG denotes 
the recording surface of the optical recording medium, i.e., the image-forming surface. 
io [0045] The spherical aberration in the optical system is shown in FIG. 2A, the astigmatism in the system is illus- 
trated in FIG.' 2B, arid the distorted aberration in the system is shown in FIG. 2C. Further, the lateral aberration occur- 
ring at an angle of field of 0.5° in the system is shown in FIG. 3A, and the lateral aberration on the optical axis of the 
system is illustrated in FIG. 3B. 

[0046] the optical system shown in FIG. 1 is a so-called infinite system, in which an object point is located at an 
is infinite distance. The aberration-correcting lens group 1 is arranged between a light source (not shown) and the objec- 
tive lens 20. The group 1 comprises the first lens 2 and the second lens 3. The first lens 2 is a biconcave lens and 
located near the light source. The second lens 3 is a biconvex lens and located near the objective lens 20. Nothing but 
air exists between the f irst lens 2 and the second lens 3. 

[0047] ^The optical system comprises means for adjusting the space between the firs and second lenses 2 and 3 of 

20 the aberration-correcting group 1 . The means, for example, a uniaxial solenoid actuator, is connected to the first lens 2 
or the second lens 3. The aberration-correcting lens group 1 generates spherical aberration as the space between the 
lenses 2 and 3 is adjusted. The spherical aberration, thus generated, has the polarity that is opposite to that of spherical 
aberration occurring at another optibai surfabe. Hence, the spherical aberration and the spherical aberration occurring 
at another optical surface cancel each other at the focal point As a result, the entire spherical aberration in the optical 

25 system can be corrected well. 

[0048] The aberration-correcting lens group 1 has a considerably small numerical aperture, however. The spherical 
aberration generated as the lenses 2 and 3 are moved in the optical axis is, therefore, of mainly the third order. On the 
other hand, the spherical aberration resulting from the thickness- manufacturing errors of the objective lens 20 and 
transparent substrate 101 includes high-order aberration. This is because the objective lens 1 20 has a large numerical 

30 aperture. :Thus, the aberrationrcorrecting lens group 1 alone cannot completely: cancel the spherical aberration. In order ; 
to minimize the root mean square of the spherical aberration, it is necessary to determine the movement of the aberra- 
tion-correcting lens group 1 . In practice, a ray-tracking method is employed, calculating the OPD of the main light beam 
and the OPD of the ambient light beams. The lenses 2 and 3 are set at such positions as to minimize the difference 
between the QPDs calculated, i.e., the root mean square of the spherical aberrations. 

35 [0049] Let us consider the spherical aberration that may occur in the case where the aberration-correcting lens 
group is removed from the optical system of FIG. 1 as is iljustrated in FIG. 4. The thickness errorof the objective J ens 
20 is estimated to be about 10 um for each lens. The error in adjusting the space between the lenses 20a and 20b com- 
posing the objective lens 20 is estimated to be about 10 urn at maximum. Further, the thickness error of the transparent 
substrate 101 is estimated to be about 10 jim, too. In view of these errors, the spherical aberration will be too large to 

40 neglect if the objective lens 20 has a particularly large numerical aperture and if the spherical aberration is not corrected 
at all. 

[0050] The wave-front aberration in the optical system shown in FIG. 4 is 0.002 rmsfc. If the thickness of the trans- 
parent substrate 101 changes by ±20 um. spherical aberration will be generated. This spherical aberration can be well 
corrected as indicated by the broken line shown in FIG. 5, by moving the first lens of the aberration-correcting lens 
45 group 1 used in the optical system of FIG. 1. In FIG. 5, the movement of the aberration-correcting lens group 1 is rep- 
resented in terms of the space between the lenses that constitute the aberration-correcting lens group. 
[0051] lathis optical system, the wave-front aberration can be, sufficiently suppressed by moving the lens of the 
group 1 . which is more remote from the objective lens than the otherTens, by a distance Aid defined below, provided that 
the transparent substrate 101 has a thickness error of approximately ±1 0 um. 

50 

Ad = -34.458 At 

- (Ad: the distance one lens of the aberration-correcting lens group is. moved, At: the thickness error of the trans- 
parent substrate) 

55 [0052] Generally, the Marchess criterion regarded as the minimum requirements for good images that have opti- 
cally reached diffraction limits is wave-front aberration of 0.07 rms(. Hence, the deterioration in image quality, caused 
by the thickness error of the transparent substrate can be almost negligibly smal) in this case. If the objective lens has 
a thickness error or an assembling error concerning the space between the lenses, the space between the lenses of 
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the aberration-correcting lensf group is cringed jn,the f same way, thereby, to correct the spherical aberration. If the 
spherical aberration is not corrected, -aberration .too'prominent to neglect will remain as iis indicated by the Solid line iif 

FIG 5 ■ ■ • •/^—•• ! - •• ; ^ : ^^ e ^^.. ::; Vv " v r 

[0053] In the embodiment shown in FIG. 1 ,^the aberration-correcting lens group 1 is. imposed of two groups, or 

5 two lenses, i.e., the first lens 2 which is a negative lens and the second lens 3 which is a positive lens. Nonetheless, it 
suffices for the aberration-correcting lens group 1 to have a group having negative power and a group having ppsitive 
power Each of these groups may comprise a plurality, pfjenses. Moreover, the negative Jens group and the positive lens 
group may be arranged in the reverse order, in^is'xase, ^e adjusting the space 

between these lens groups has polarity thatJsBetermin^ iehs groups, not by the order in r 

10 which the lens groups are arranged. . -/ ; r ,. X. '"^/J ^'.'.^ .... ! ' "V ' 'V' ' ' ... ;: " ' ; ^ ' 

[0054] lC The aberrations^ have the fun^on^ the 

case, the number of components constituting the pptical head can be decreased, makhg it easy to ^ manufacture the 
optical head and to lower the manufacturing cost of the optical head. ' .'].?'.' 

[0055] .- In the embodiment described above, the optical system is an infinite system in which a collimator lens (not 

is shown) ;Co!limates the light beam emitted from the light source, as a special solution to the aberratlbh-cbrrecting lens 
group. In the infinite optical system, a beam splitter or an.anamorphic prism can be easily arranged between the colli- 
mator lens and the aberration-correcting len? group. Nevertheless, the optical system 6f the optical head according to 
this invention can be constructed in the form of a finite system. " ' ;V " r 

[0056]- : Irvthe embodiment described abpye. the objective lens isphe that ^ 

20 ing of one lens. Instead, the objective lens may comprise 1hr¥e^or SL r^ixe1^ses. ' . " ! " 

[0057] .The optical system of the optical head according, to ^ 

ical aberration, particularly when its objective lens, is compos^ ^ a^plu ahB has a numerical aperture of 

0.8 or more. FIG. 6 shows the optical system of an optical head ! aa;qrdir^ i tp the invention; which incorporates ah objec- 
tive tens haying a numerical aperture of 0.8. This optical, system has the design values 6hown in the following Table 2: 

25 .... .. .. n ' ' ' ' ••• • ' 



[Table 2] 



30 


Objective lens NA/Focal distance/Entrance pupil <p 
(0.80/2.648mm/4237mm) 


Wavelength X=660nm 


Surface 


Radius of curvature (mm) 


Axial interval (mm) 


Flexion rate 
Nd/Abbe number 
vd at d line 


Flexion rate N at 
660nm 




OBJ 


oo 


oo 






35 


STO 1 


OO ' ' 


0.0 








S1 


R:19.0 
K:0.0 


C:0.0 
D:0.0 


: 2.0 


1.51633/64.1 


1.514207 J 


40 




A:0.0 
B:0.0 


E:0.0 
F:0.0 










S2 


R:-19.0 


C:0.0 


1.523091 






45 




K:0.0 
A:0.0 
BrO.O 


D:0.0 
E:6.0 
F:0.0 










S3 


R:-1 7.055 


C:0.0 


" : - ■ 1.6 : / • " 


1.620/36.3 : 


1,614805 


so 




K:0.0 
A:0.0 
B:0.0 


D:0.0 
E:0.0 
F:0.0 
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[Table 2] (continued) 





Objective lens NA/Focal distance/Entrance pupil 9 
(0.80/2.648mm/4.237mm) 


Wavelength k=660nm 


5 


Surface 


Radius of curvature (mm) 


Axial interval (mm) 


Flexion rate 
Nd/Abbe number 
vd at d line 


Flexion riate N at 
660nm 




S4 


R:25.0 


C:0.0 


3.0 






10 




K:0.0 
A:0.0 - 
B:0.0 


D:0.0 

E: 

F: 










S5 


R:2.43644 


C:-.216921x1Q -4 


2.306044 


1.4955/81.6 


1 .493482 


15 




K:-0.530603 
A:0.462792x10 3 
B:-. 131 930x1 0" 3 


D:-.526207x10" 6 

E:0.0 

F:0.0 








20 


S6 


R: 19.29810 
K: -26.403411 
A:-.838023 x10* 3 


C:0.502887x10" 4 

D:0.0 

E:0.0 


1.039076 






25 




B:0.455037x10" 4 


F:0.0 








S7 


R:1. 50881 
K:-0.1 98463 
A:-.999579x10' 2 


C:0.579591x10 -2 
D:-.317005x10" 2 
E:0.0 


1 4Q8834 


1 58913/61 3 


1 586056 


30 




B:-.127468x10" 2 


F:0.0 










S8 


00' 


0.0 








S9 


00 


0.300751 






35 


S10 


CO 


0.1 




1.527000 


S11 


00 


0.0 








IMG 


00 


0.0 







40 [0058] FIG. 7 A illustrates the spherical aberration occurring in this optical system; FIG: 7B shows the astigmatism 
occurring in this optical system. . FIG. 7C shows the distorted aberration occurring in the optical system. FIG. : &A depicts 
the lateral aberration occurring at an ari^le of field of 0.5 6 . FIG. 8B shows the lateral aberration on the bptical axis of the 
optical system. , ; ; 

[0059] The wave-front aberration in the optical system. shown in FIG. 6 is 0.001 rmsA»^lf ^e transparent substrate 

45 has a thickness error of ±20 u.m, spherical aberratipii will be generated. To correct this spherical aberratibh well ] it siBf 
fices to move the aberration-correcting lens group by a predetefminjkJ.distance as is illustrated in FIG. 9. If the trans- 
parent substrate has a thickness error of about ±10 jirnV'thji ^ wave-front aberration generated by this error can be 
sufficiently suppressed, merely by.movihg the lenses. of the aberration-correcting lens group by Ac* def ih^d below. 

so ,' . ' ' ■ Ad .= ^19.665^" , .- * ,. : " ' . . Vv 

(Ad: the distance one lens of the aberration-correcting lens group is moved,' At: the thickness error of the trans- 
parent substrate) . . V' 

[0060] If the spherical. aberration is not corrected,. aberratjon'tqo'^ wiN remain as is indicated by 

55 the solid line in FiG 9. As the equation [1] shcws„the larger the h^ worse the spherical aberration. 

Therefore, spherical aberration too large to neglect will occur rf the objective lens has a numerical aperture of 0.8 or 
moreandif the spherical aberration is. hot corrected. ..... 

[0061] The use of such an optical element describee! above can suppress spherical aberration. This facilitates the 
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use of a lens having a large NA, making it possible to, increase the recording density and storage capacity of the optical 
recording medium. ! 

[0062] As described above, spherical aberration can be sufficiently suppressed^ in the optical system of the optical 
head according to the present invention. This renders it easy to use an objective lens having a large numerical aperture. 
5 As a result, it is possible to enhance the. recording ^ density. andstorage capacity of the optical recording medium. 

[Optical Head] 



[0063] The optical head according to this invention comprises such an optical system as has been described 
io above. As shown in FIG. 10, the optical head is designed to record and reproduce datasignals on and from an optical 
recording medium such as a phase-change optical disk 11. 

[0064] The phase-change optica? disk 1 1 , on which the optical head 10 performs the recording and reproducing of 
data signals, comprises a transparent substrate 12, a signal-recording layer, and a protective layer 13. The substrate 
12 has a thickness t2 of, for example, 1:2 mm or 0.6 mm. The signal-recording layer undergoes phase-changes to 
15 record data signals. The protective layer 13 has a thickness t3 of, for example, 0.1 mm. Light is applied not to the trans- 
parent substrate 12, but to the protective layer 13 that is much thinner than the transparent substrate 12, thereby to 
record signals on the signal-recording layer or reproducing signals from the signal-recording layer. Nevertheless, the 
optical head 1 0 of this invention can used in combination with an optical recording medium whose the transparent sub- 
strate 12 receives light so that signals may be recorded on the signal-recording layer or reproduced from the signal- 
ed recording layer. -. • 

[0065] The optical head 10 according to the invention, which is designed to record and reproduce data signals on 
and from the phase-change optical disk 11, has a light source (not shown) and a collimator lens (hot shown/either). 
The light source may be, for example, a semiconductor laser that emits a linearly polarized laser beam having emission 
wavelength of 635 nm. The light source emits a laser beam of a specific intensity, in order to reproduce data signals 
25 from.the phase-change optical disk 1 1, To record data signals on the phase-change optical disk 1 1 , the light source 
emits a laser beam whose intensity is modulated in accordance with the data signals. 

[0066] In the optical head according to the present invention, the wavelength of the laser beam emitted from the 
light source is not limited a particular value. A semiconductor laser that emits a laser beam having a wavelength shorter 
than, for example, 635 nm, may be used. If so, it would be desirable to apply a laser beam having a wavelength as short 
30 as possible, for the purpose of further increasing the recording density and storage capacity of the optical, recording 
medium. In this case, the spherical aberration jean be corrected more effectively. In addition, the present invention can 
be applied to the case where lenses, each having so large a numerical aperture as will generate spherical aberration 
of light beams having a wavelength of 635 nm or more. 

[0067] A diffraction grating diffracts the laser beam emitted from the light source. The light beam is thereby split into 
35 a 0th -order beam and a ±first-qrder beam. The collimator lens (not shown) converts the 0th -order beam and the ±first- 
order beam, each to a parallel light beam. 

[0068] The laser beam, made parallel by the collimator lens, is applied to the signal-recording surface 11a of the 
phaserchange opticaLdisk 11, through a polarized beam spjitter 14, a 1/4-wavelength plate 15, an aberration-correcting 
lens group 1 and an objective lens 20. The laser beam applied to the phase-change optical disk 1 1 undergoes circular 
40 polarization as it passes through the 1/4-wavelength plate 1 5. The objective lens 20 focuses the laser beam on the sig- 
nal-recordingsurface 11a. 

[0069] A uniaxial actuator 21 can adjust the space between the lens groups that constitute the aberration-correcting 
lens group 1. 

[0070] . The optical head 10 further comprises a focusing lens 17, a multi-lens 18, and a photosensor 19. The pho- 
45 tosensor 19 receives the light beam reflected by the signal-recording layer and applied through the Objective lens 20, 
aberration-correcting lens group 1, polarized beam splitter 14, focusing lens 17 and multi-lens 18. 
[0071 ] that is, the incident light beam applied to the signal-recording surface 11a of the phase-change optical disk 
11 is reflected by the signal-recording surface 11a and applied back to the optical head. The beam, thus applied back 
propagates along the optical path, passing though the objective tens 20 and the aberration-dortebting lens group 1. 
so Thereafter, the beam is applied to the 1/4-wavelength plate ; 15. As the light beam passes through the 1/4-wavelength 
plate 15, it rotated through 90 from the direction in which it was polarized when applied toward the optical disk. The light 
beam is thereby converted. to a linearly polarized beam. Then beam is then reflected by the reflecting surface of the 
polarized beam splitter 14. 

[0072] The beam reflected by the reflecting surface of the polarized beam splitter 14 passes through the focusing 
55 lens 17 and the multi-lens 18 and is detected by the photosensor 19. The muiti-lens 18 is a lens having a cylindrical 
incidence plane and a concave emitting plane. The multi-lehs 18 imparts astigmatism to the input light beam so that a 
focus servo signal may be detected by means of the so-called astigmatism method. 

[0073] The photosensor 19 comprises six phptodiodes. Each phdtodibde outputs an electric signal that corre- 
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sponds to the intensity of the light beam applied to it. A prescribed operation is performed on the electric signals the 
photodiodes have output, A focus servo signal and a tracking servo signal are thereby generated. 
[0074] In other words, the photosensor 19 detects the light beam to which the multi-lens 1 8 has imparted astigma- 
tism and outputs electric signals form which a focus servo signal can be generated by the so-called astigmatism 
method. In the optical head 10, the focus servo signal drives a biaxial actuator 16, thus performing a focus servo control. 
[0075] The photosensor 19 detects the ±first-order beam that has been diffracted and slit by the diffraction grating 
±first-order beam. The photosensor 19 outputs an electric signal from which a tracking servo signal can be generated 
by the so-called three-beam method. In the optical head 10, the tracking servo signal drives the biaxial actuator 16, 
thereby accomplishing a tracking servo control. . 

[0076] Moreover, the photosensor 19 outputs electric signals, each corresponding to the intensity of the light inci- 
dent to one photodiode. A prescribed operation is performed on these electric signals so that the electric signals may 
be reproduced, as data signals, form the from the phase-change optical disk 1 1 . 

[0077] As described above, the optical system of this optical head 10 according to this invention comprises a lens 
group for correcting spherical aberration. The lens group can cancel the spherical aberration resulting from the manu- 
facturing errors of the optical system. This makes it easy to use an objective lens having a large numerical aperture. It 
is therefore possible to increase the recording ^ dens'rty and storage capacity of the optical recording m^ 
[0078] in the embodiment described above, the opticaiheiadof the invention is designed to record and reproduce 
data- signals on and from the phase-change optical disk 11. Nonetheless, the optical head can be modified to record 
and reproduce data signals on and from various types of optical recording media such as a playback optical disk, a 
magneto-optical disk, ah optical card and the like: 

[Recording/Reproducing Apparatus] 

[0079] As shown in FIG. 11, a recording/reproducing apparatus according to this invention is designed to record 
and reproduce data signals on and from an optical recording medium such as the above-mentioned phase-change opti- 
cal disk 1 1 . The apparatus comprises the optical head 1 0 that has been described above. 

[0080] The recording/reproducing apparatus is designed to record and reproduce data signals on and from the 
phase-change optical 'disk 1 1. Notwithstanding this, the apparatus according to the invention can be modified in various 
modes as a recording/reproducing apparatus that comprises an optical head having an objective lens. That is, the opti- 
cal recording medium on and from which the apparatus records and reproduces data signals may be playback optical 
disk, a magneto-optical disk, an optical card or the like. 

[0081 ] The recording/reproducing apparatus 30 comprises a spindle motor 31 , an optical head 1 0, a feed motor 32, 
a modulation/demodulatiori circuit 33, a servo control circuit 34, and. a system controller 35. . The spindle motor 31 
rotates the phase-change optical disk 11. The. optical head 10 is used for recording and reproducing data signals. The 
feed motor 32 is provided to move the optical heiad 10 between the inner and outer tacks of the phase-change optical 
disk 11. The modulation/demodulation circuit 33 effects specif ic modulation and demodulation. The servo control circuit 
34 performs predetermined servo control on the optical head 10. The system controller 35 controls the entire record- 
ing/reproducing apparatus 30. - 

[0082] The servo control circuit 34 controls the spindle motor 3 1 , which is driven at a prescribed speed. The phase- 
change optical disk 1 1 , on and from which data signals will be recorded and reproduced, is chucked to the drive shaft 
of the spindle motor 31. The spindle motor 31, controlled by the servo control circuit 34, rotates the disk 11 at the pre- 
scribed speed. 

[0083] The optical head 1 0 applies a laser beam to the phase-change optical disk 1 1; being rotated, as mentioned 
above, in order to record data signals on or reproduce data signals from, the phase-change optical disk 1 1 . The head 
10 also detects the light beam reflected from the optical disk 11. The optical head 10 is connected to the modula- 
tion/demodulation circuit 33. In order to record a data signal, the circuit 33 performs specific modulation on the signal 
supplied from an external circuit 36. The signal modulated;is supplied to the optical head 10. The optical head 10 
applies a laser beam to the phase-change optical disk 1 1 . this laser beam has been Intensity-modulated in accordance 
with the signals supplied from the modulation(demodulation circuity. To reproduce a data signal, the optical head 10 
applies a laser beam of a particular intensity to the phase-change optical disk 1 1. A signal is reproduced from the light 
beam reflected from the disk 11. The signal thus reproduced is supplied to the moduiation/demodulatioh circuit 33. 
[0084] The optical head 1 0 is connected to the servo control circuit 34, too. At the time of recording or reproducing 
data signals, a focusing servo signal and a tracking servo signal are generated from the light beam reflected from the 
phase-change disk 1 1 which is rotated. These servo signals are supplied to the servo control circuit 34. 
[0085] The modulation/demodulation circuit 33 is connected to the system controller 35 and the external circuit 36. 
The modulation/demodulation circuit 33 receives a signal from the external circuit 36 and modulates the signal under 
the control of the system controller 35, thereby to record the signal on the phase-change optical disk 1 1 . To reproduce 
a data signal from the phase-change optical disk 1 1 , the modulation/demodulation circuit 33 receives the signal from 
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the optical head 10 and demodulates the signal under the control of the system controller 35. The signal thus demod- 
ulated by the circuit 33 is output from: the -circuit 

[0086] The feed motor 32 is designed to move the optical head 10 in a radial direction of the phase-change optical . 
disk 1 1 to a desired position, in order to record or reproduce data signals. The feed motor 32 is driven under the control 

s of the control signal supplied from the servo control, circuit 34. that is, the feed motor 32 is connected to trie servo con- 
trol circuit 34, which controls the feed motor 32. : w . T ^ T 
[0087] Under the control of the system contrplier 35, the servp control circuit 34 controls the feed motor 32 such 
that thei optical head 10 moves to a predetermined.ppsitipn where the head 10 opposes the phase-change optical disk 
1 1 . The servo control circuit 34 is connected to. the ^indle motor 31. Thus, it controls the spindle motor 31, too, under 

io the control of the system controller 35. Namely the servo control circuit 34 controls the spindle motor 32. which drives 
the phase-change optical disk 1 1 at the prescribed speed to record data signals on or reproduce data signals frbm the 
phase-change optical disk 11. . - T ' ' ^.. y .. - x ^ v 

[0088] The servo control circuit 34 is connected to,the : optical head 10, too. To record a data signal or reproduce 
the same, the circuit 34 receives the data signal and a servo signal. from the optical head 10. 

is biaxial actuator 16 mounted on the optical head 10, in accordance with the servo signal! Focus servo control and track- 
ing servo control are thereby accomplished;. Further, the circuit 34 contrpls the uniaxial ; actuator,'whereby the space 
between the lens groups of the aberration-(x>rrecting lens group is adjusted to correct the. aberration. r ? 

[0089]^ In the recording/reproducing apparatus described abw^^ grou^ rnbunted on 

the optical head 10 cancels the spherical aberration resulting from the manufacture error of the optical system. Hence, 

20 it is easy to use an objective lens which comprises a plurality of lenses ^ aperture. It is 

therefore possible to enhance the recording density and storage capacity of the optical recording m^iurn. 

Embodiments 

25 [0090] Specif ic embodiments of the optical head according to the present invention. will be described below. 
[Embodiment 1] 

[0091] FIG. 12 shows the structure of the optical system incorporated in this embodiment. Table 3 presented below 
30 shows the values set in the optical system. 



[Table 3] 



35 




Objective lens NA/Focal distance/Entrance pupil <p 
(0.85/1 .765mm/3.00mm) 


Wavelength X=635nm 




Surface 


Radius of curvature (mm) 


Axial interval (mm) 


Flexion rate 
Nd/Abbe number 
vd at d line 


Flexion rate N at 
635nm 


40 


OBJ 


CO 


CO 








STO 


CO 


0.0 








S1 


R:19.0 


C:0.0 


2.0 


1.51633/64.1 


1.15014 


45 




K:0.0 
A:0.0 
B:0.0 


D:0.0 
E:0.0 
F:0.0 










S2 


R:-19.0 


C:0.0 


1.523091 






50 




K:0.0 
A:0.0 
B:0.0 


D:0.0 
E:0.0 
F:0.0 









55 
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[table 3] (continued) 





Objective lens NA/Focal distance/Entrance pupil <p 
(0.85/1 .765mm/3.00mm) 


Wavelength X=635nm 


5 


Surface 


Radius of curvature (rhrh) 


Axial interval (mm) 


Flexion rate 
Nd/Abbe number 
vd at d line 


Flexion rate N at 
635nm 




S3 


R:-1 7.055 


C:0.0 


1.6 


1 .620/36.3 


1.616405 


10 




K:0.0 
A:0.0 
B:0.0 


D:0.0 
E:0.0 
F:0.0 










S4 


R:25.0 


CrO.O 


3.0 






15 




K:0.0 
A:0.0 
B:0.0 


D:0.0 

E: 

F: 








20 


S5 


R:1. 62730 
K:-0.505660 
A:-.207368x10 2 
B:-.999092x10 -3 


C:-.0.749875x10" 4 

D:-.204775x10 3 

E:0.0 

F:0.0 


1.639793 


1.4955/81.6 


1.494122 


25 


oo 


R:89.45684 
K:0.0 

A:-.291281x10" 2 


C:-.332978x10* 2 
D:0.921 202x1 0' 3 
E:0.0 


0 252358 






30 




B:0.459860x10" 2 


F:0.0 










S7 


R:1 .30215 
K:-0.503781 
A:0.1 93338x1 0* 1 


C:0.206089x10* 3 

D:0.0 

E:0.0 


1.314052 


1.58913/61.3 


1.587011 


35 




B:0.120697x10 _1 


F:0.0 










SB 


00 


0.0 








S9 


00 


0.149962 






40 


S10 


CO 


0.1 




1 .529500 




S11 


CO 


0.0 








IMG 


CO 


0.0 







45 

[0092] FIG. 13A illustrates the spherical aberration occurring in this optical system. FIG. 13B shows the astigma- 
tism occurring in this optical system. FIG. 13C shows the distorted aberration occurring in the optical system. FIG. 14A 
depicts the lateral aberration occurring at an angle of field of 0.5°. FIG. 14B shows the lateral aberration on the optical 
axis of the optical system. 

so [0093] The wave-front aberration in this optical system is 0.002 rmsX. If the transparent substrate has a thickness 
error of ±20 p.m, spherical aberration will be generated. To correct this spherical aberration well, it suffices to move the 
aberration-correcting lens group by a predetermined distance as is illustrated in FIG. 15. If the transparent substrate 
has a thickness error of about ±1 0 jim ( the wave-front aberration generated by this error can be sufficiently suppressed, 
merely by moving the lenses of the aberration-correcting lens group by Ad defined below, as is indicated by the broken 

55 line in FIG. 15. 

Ad = -41.438 At 
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(Ad: the distance one lens of the aberration-correcting lens group is moved, At: the thickness error of the trans- 
parent substrate) .... - ; , : ;r, 

[0094] In this base, the spherical aberration resulting from the thickness error of the transparent substrate becomes 
almost negligible. If a similar error occurs at any component other than the^aberratioh-cdrrecting lens group, however, 
5 spherical aberration too large to. neglect will rernain as indicated by the solid line shown in FIG. 15. Consequently, data 
signals cannot be, recorded or reproduced in a desirable manner f 

[Embodiment 2] 

io [0095] FIG. 16 shows the structure of the optical system incorporated in the. present embodiment. Table 4 pre- 
sented below shows the values set in the optical system. 
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[Table 4] 



Objective lens NA / Focal distance / Entrance pupil ? (0.85/1 .765mmO.00mm) 


Wavelength H- 4 


lOnm 


Surface 


Radius of curvature 
(mm) 


Axial iniervil 
(mm) 


Flexion rate Nd / Abbe 
number vd atd line 


Flexion rateN 
al410nm 


OBJ 


oo 


oo 






STO 


oo 


o.b 






SI 


Jdl. 16382 C:0_0 
K:0.0 DrO.O 
A.0.0 ErO.O 
B:0.0 F:0.0 


1.25 


1.51633/64.1 


1*529569 


S2 


R>9.94781 CrOJO 
K.0.0 D.-0.0 

B:0.0 F:0.0 


0.5 






S3 


R:-9.0 C:0.0 
K--0.0 D.-O.O 
A.*0.0 E:0.0 
B:0.0 F:0.0 


1.0 


1.75520/27.5 


1.803040 


S4 


R:15.0 C:0.O 
K.-0.0 DrO.O 
A:0.D E: 
B:0.0 F: 


3,0 






S5 


Ri 1.6273 e-.0.749875xl<r l 
K.-0.50566 D:-.204775xl(T J 
A:O07368xi0 rf E.-0.0 
B:--999092*10* 3 F:0.0 


1.570619 


1.4955/81.6 


1.504869 


S6 


R:89.45684 C:-.332978*10 4 
K.0.0 piO^^oaxlO-* 
A:-^91281 xio" 1 E:0.0 
B:0.459860x]0-» F:0.0 


0350i69 






S7 


R: 1 .302 1 3 C:0.206089x 1 0"* 
JC-0.50378I D:0.0 
A;0. 193338 x JO* 1 ErO.O 
B:0. 120697* 10*' F:0.0 


1.278541 


1.58913/61.3 


1.604471 
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S8 


R,*°° 


C:0.0 








5 




K.0.0 
.4:0.0 
B:0.0 


D:0.0 
E:0.0 
Ftf.O 


0.0 








S9 




oo 


0.134864 






10 














S10. 


oo 


0.1 


131633/64.1 


1.529569 




fill . 


OO 


0.0 






15 




CO 


0.0 







[0096] FIG. 1 7A illustrates the spherical aberration occurring in this optical system. FIG. 1 7Bshows the astigma- 
20 tism occurring in this optical system. FIG. 1 7C shows the distorted aberration occurring in the optical system. FIG. 1 8A 
depicts the lateral aberration occurring at an angle of field of 0.5°. FIG. 18B shows the lateral aberration on the optical 
axis of the optical system. 

[0097] ; _ The wave-front aberration in this optical system is 0.003 xwsX. If the transparent substrate has a thickness 
error of ±20 um, spherical aberration will be generated, to correct this spherical aberration well, it suffices to move the 
25 aberration-correcting lens group by a predetermined distance as is illustrated in FIG. 19. If the transparent substrate 
has a thickness error of about ±1 0 pm t the wave-front aberration generated by this error can be sufficiently suppressed, 
merely ( by moving the lenses of the aberration^correcting lens group by Ad defined below. ■ 

Ad = -10.003 At 

30 

(Ad: the distance one lens of the aberration-correcting lens group is moved, At: the thickness error of theitrans- 
parent substrate) ! 
[0098] In this case, the spherical aberration resulting from the thickness error of the transparent substrate becomes 
almost negligible. If a similar error occurs at that section of the optical system which includes the aberration-correcting 
35 lens group, however, spherical aberration too large to neglect will remain as indicated by the solid line shown in FIG. 
19. Consequently, data signals cannot be recorded or reproduced in a desirable manner. 

[0099] In thijs embodiment, the light source uses a wavelength of 400 nm. Hence, chromatic aberration may 
become a problem. FIG. 20 shows how the Strehl value changes with the change in wavelength in the case where an 
aberration-correcting lens group is provided and in the case where no aberration-correcting lens group is provided, ilf 

40 an aberration-correcting lens group is provided, the Strehl value is 0.8 or more when the wavel ength changes by ±5 nm, 
and good results are obtained. In no aberration-correcting lens group is provided, the Strehl value is less than 0.8, much 
affected by the chromatic aberration. This will adversely influence the recording and reproduction of signals. * 
[0100] That is, the aberration-correcting lens group can correct the chromatic aberration occurring at another opti- 
cal surface since it comprises two lens groups, the first group consisting a positive lens having, an Abbe number of 55 

45 or more and the second group consisting of a negative lens having an Abbe number of 35 or lesa ^us^ttie aberration- 
correcting lens group functions as an element for correcting chromatic aberration, too. ^ , ; 

[Embodiments] 

so [0101] FIG ; 21 illustrates the structured the optical system; incorporated in this embodiment. Table 5 presented 
below shows the values set in the optical system. - . ' 
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[Table 5] 



5 


Objective lens NA/Focal distance/Entrance pupil <p 
(0.85/1 .765mm/3.00mm) 


Wavelength A,=635nm 




Surface 


Radius of curvature (mm) 


Axial interval (mm) 


Flexion rate Nd / 
Abbe number vd at 
d line 


Flexion rate N at 
635nm 


10 


OBJ 


. oo 


oo 








OTA 


oo ■ ■- -, 


no 








S1 


R:-25.0 


C:0.0 


1.6 


1.620/36.3 


1.616405 


15 




K:0.0 
A:0.0 
B:0.0 


D:0.0 
E:0.0 
F:0.0 










S2 


R:1 7.055 


C:0.0 


1.523914 






20 




K:0.0 
A:0.0 
B:0.0 


D:0.0 
E:0.0 
F:0.0 








25 


S3 


R:19.0 
K:0.0 
A:0.0 
B:0.0 


C:0.0 
D:0.0 
E:0.0 
F:0.0 


2.0 






30 
35 


S4 


R:-19.0 
K:0.0 
A:0.0 
B:0.0 


C:0.0 
D:0.0 
E: 
F: 


3.0 








S5 


R:1. 62730 

K:-0.505660 

A:-.207368x10" 2 


C:-.0.749875x10" 4 

D:-.204775x10" 3 

E:0.0 


1.641523 


1.4955/81.6 

• 


1.494122 


40 




B:-.999092x10' 3 


F:0.0 










S6 


R:89.45684 
K:0.0 


C:-.332978x10- 2 
D:0.921202x10 -3 








45 




A.-.291281 xlO* 2 
B:0.459860x10* 2 


E:0.0 
F:0.0 










S7 


R:1. 30215 
K:-0.503781 


0:0.206089x1 0" 3 
D:0.0 


1.314798 


1.58913/61.3 


1.587011 


50 




A:0.193338x10" 1 
B:0.120697x10" 1 


E:0.0 
F:0.0 










S8 


oo 


0.0 






55 


S9 


oo 


0.149333 








S10 


oo 


0.1 


1.51633/64.1 


1.515014 




sii 


oo 


0.0 
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[Table 5] (continued) 



Objective lens NA/Focal distance/Entrance pupil <p 
(0.85/1 .765mm/3.00mm) 


Wavelength X=635nm 


Surface 


Radius of curvature (mm) 


Axial interval (mm) 


Flexion rate Nd/ 
Abbe number vd at 
d line 


Flexion rate N at 
635nm 


IMG 


oo 


0.0 







10 ■ 

[0102] FIG. 22A illustrates the spherical aberration occurring in this optical system. FIG. 22B shows the astigma- 
tism occurring in this optical system. FIG. 22C shows the distorted aberration occurring in the optical system. FIG. 23A 
depicts the lateral aberration occurring at an angle of field of 0.5°. FiG. 23B shows the lateral aberration on the optical 
axis of the optical system. 

is [0103] The wave-front aberration in this optical system is 0.002 rmsA.. If the wavelength used changes from 700 nm 
to 400nm, spherical aberration will be generated by this error. To correct this spherical aberration, it suffices to move 
the aberration-correcting lens group by a predetermined distance as is illustrated in FIG. 24. 

[0104] As seen from FIG. 24, the wave-front aberration caused by a change in the wavelength used is corrected 
much more than in the case there is provided no aberration-correcting lens group, ft is not corrected sufficiently, how- 
20 ever, at short-wavelengths. FIG. 25 shows the wave-front aberration observed when both the space between the lens 
groups of the objective lens and the space between the lens groups of aberration-correcting lens group are adjusted, 
thereby correcting the wave-front aberration with high precision. As can be understood from FIG. 25, the aberration is 
sufficiently suppressed even if the wavelength changes to 400 nm. 

[0105] FIG. 26 shows how the space between the lens groups of the aberration-correcting lens group and the 
25 space between the lens groups of the objective lens change. An extremely complex structure would be required to 
adjust, at the same time, the space between the lens groups of the aberration -correcting lens group'and the space 
between the lens groups of the objective lens change. Hence, it is desirable to apply the changes in the aberration 
shown in FIG. 26, thereby adjusting the space between the lens groups of the objective lens beforehand, and then to 
adjust the space between the lens groups of the aberration-correcting lens group, thereby correcting the remaining 
30 aberration. 

[0106] In the present embodiment, both the space between the lens groups of the objective lens and the space 
between the lens groups of the aberration-correcting lens group are adjusted, accomplishing high-precision correction 
of aberration. Such high-precision correction can be effectively applied also to the case where not only the change in 
the wavelength used, but also the manufacturing error of the lenses and the like is too large to be corrected by the aber- 

35 ration-correcting lens group alone. 

[0107] As is clear from the above description, in an optical head comprising an objective lens having a large numer- 
ical aperture of 0.8, an aberration-correcting lens group can sufficiently correct spherical aberration, if any, resulting 
from the manufacturing errors or the like, and also chromatic aberration, if any, resulting from the use of a light source 
of a short wavelength. The present invention can provide a recording/reproducing apparatus that has such an optical 

40 head. 

[0108] Thus, the present invention can serve to enhance the recording density and storage capacity of an optical 
recording medium. J • 

Claims 

45 i 

1. An optical head characterized by comprising: 

a light source; 

an objective lens composed of at least two lenses and having a numerical aperture of at least.0,80; 
50 an aberration-correcting lens group arranged between the light source and the objective lens and composed 

of a positive lens group and a negative lens group; 

wherein the aberration-correcting lens group corrects spherical aberration occurring at each optical surface of 
an optical system, as a space between the positive lens group and negative lens group which constitute the 
aberration-correcting lens group is changed in an axial direction. 

55 

2. The optical head according to claim 1, characterized by further comprising an actuator for changing the space 
between the positive lens group and negative lens grpup which constitute the aberration-correcting lens group, in 
an axial direction. 
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3. The optical head according to claim 1 , characterized in that the objective lens is composed of two groups each con- 
sisting of at least two lenses. 

4. The optical head according to claim 3, characterized by further comprising an actuator for changing the space 
5 between the positive lens group and negative lens group which constitute the aberration-correcting lens group, in 

an axial direction. 

5. The optical head according to claim 1, characterized in that the light source is a semiconductor laser having an 
emission wavelength of at most 440 nm, the objection lens is made of vitreous material having an Abbe number of 

io at most 95.0 at d line and has a focal distance of at least 1.4 mm, and the aberration-correcting lens group is com- 
posed of a positive lens having an Abbe number of at least 55 and an Abbe number of at most 35. 

6. The optical head according to claim 5, characterized by further comprising an actuator for changing the space 
between the positive lens group and negative lens group which constitute the aberration-correcting lens group, in 

is an axial direction. 

7. The optical head according to claim 5, characterized in that a space between the lens groups which constitute the 
objective tens is changed in an axial direction to correct the spherical aberration occurring at each optical surface 
of the optical system, in cooperation with the aberration-correcting lens group. 

20 

8. The optical head according to claim 7, characterized by further comprising an actuator for changing, in the axial 
direction, the space between the positive lens group and negative lens group which constitute the aberration-cor- 
recting lens group and the space between the lens groups which constitute the objective lens. 

25 9. A recording/reproducing apparatus characterized by comprising: 

a light source; 

an objective lens composed of at least two lenses and having a numerical aperture of at least 0.80; 
an aberration-correcting lens group arranged between the li^ht source and the objective lens and composed 
30 of a positive lens group and a negative lens group; 

an actuator for changing a space between the positive lens group and negative lens group which constitute the 
aberration-correcting lens group, in an axial direction; and 

a photosensor for detecting a light beam emitted from the light source, focused by the -objective lens on an opti- 
cal recording medium and reflected by the optical recording medium, 
35 wherein the aberration-correcting lens group corrects spherical aberration occurring at each optical surface of 

an optical system, as a space between the positive lens group and negative lens group which constitute the 
aberration-correcting lens group is changed in an axial direction. 

10. The recording/reproducing apparatus according to claim 9, charac-terized in that the objective lens is composed of 
40 two groups each consisting of at least two lenses. 

11. The recording/reproducing apparatus according to claim 9, charac-terized in that the light source is a semiconduc- 
tor laser having an emission wavelength of at most 440 nm; the objective lens is made of vitreous material having 
an Abbe number of at most 95.0 at d line and has a focal distance of at least 1 .4 mm, and the aberration-correcting 

45 lens group is composed of a positive lens having an Abbe number of at least 55 and a negative lens having an Abbe 
number of at most 35. 

12. The recording/reproducing apparatus according to claim 1 1 , characterized in that a space between the lens groups 
which constitute the objective lens is changed in the axial direction to correct the spherical aberration occurring at 

so each optical surface of the optical system, in cooperation with the aberration-correcting lens group, and the actua- 
tor changes, in the axial direction, not only the space between the positive lens group and negative tens group 
which constitute the aberration-correcting lens group, but also the space between the lens groups which constitute 
the objective lens. 

55 
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